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ABSTRACT
An estimation method is proposed for the thermal conductivity estimation of the refrigerant fluids in the liquid state 
along or near the saturation line. The proposed equation is empirical in nature and provides the thermal conductivity 
as function of the reduced temperature in the range 0.3 to 0.9, that is from near the normal freezing point to near 
the critical temperature. The equation contains three parameters: A, a and b; A is a factor depending on the 
particular compound and it is measured in [Watt/(mK)] as the thermal conductivity, a is an exponent equal to 0.40,
a value characteristic of the investigated families (methane and ethane series) and b is the “golden ratio” 
(1+ 5 )/2 1.618034…a value which appears to be characteristic of the liquid state. 
The 29 investigated refrigerant fluids show mean and maximum absolute deviations between calculated and 
experimental thermal conductivity values usually less than 4% and 8% respectively. Other 7 refrigerant fluids are 
investigated for which reliable data of  and of the critical temperature are not not available with acceptable 
accuracy. 
1. INTRODUCTION 
The knowledge of the value of the thermal conductivity  of the liquids is required in the solution of several 
engineering problems, but the experimental data are not many in the scientific and technical literature. Very often 
accurate experimental thermal conductivity data are available only at atmospheric pressure and at a single value of 
the temperature. In the last years very reliable thermal conductivity measurement series were developed and 
appeared in the literature, but in any case they are very few compared with the huge number of compounds used for 
technical and scientific purposes. On the other hand, while the gaseous state and the solid state can be explored by 
rigorous and efficient theories, the theoretical study of the liquid state does not provide reliable and practical results 
(exception doing for some substances showing spherical symmetry) for important properties as for example the 
thermal conductivity which generally depends on temperature and pressure. 
In this conditions some methods appeared in the literature for the estimation of the thermal conductivity of some 
liquids as function of temperature and density; this choice is theoretically correct, but practically difficult to be used. 
Another choice is to look for empirical or semi-empirical methods taking into account the dependence of  on the 
temperature and the pressure which can be easily and independently measured. Moreover the liquid thermal 
conductivity is almost independent of the pressure for values less than 30-40 bar and a few methods appeared in the 
literature linking  only with the temperature and some chemical parameters as shown by Poling et al. (2001). 
In this work a formula appeared in the general review by Poling et al. (2001) for several organic compounds is 
completely revised and improved. The old formula was proposed in the reduced temperature Tr range from 0.3 to 0.8 
with mean and maximum absolute deviations between estimated and experimental thermal conductivity values 
generally less than respectively 10% and 20% for the refrigerants of the methane and ethane series in the liquid state 
along or near the saturation line. The old equation derived from a wide investigation on a very large number of 
experimental data affected by different and difficult to assess degree of accuracy. The new formula appears to be 
more mathematically grounded, it is valid in a larger reduced temperature range (from Tr=0.3 to Tr=0.9) and the 
mean and the maximum absolute deviations are generally less than respectively 4% and 8%.  
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2. EMPIRICAL METHODS 
The empirical or semi-empirical equations proposed in the literature for the calculation of the thermal conductivity 
of the organic compounds in the liquid state can be roughly grouped in two families: the first family contains the 
formulas based on the expression due to Weber (1886): 
 = A Cp ( /M)1/3 (1)
where A is a factor depending on the compound, Cp  the specific heat at constant pressure,  the density and M the 
molecular weight. The second family of formulas is based on the equation of Bridgman (1923): 
 = 3 k w/l2   (2)
where k is the Boltzmann constant, w the sound velocity and l the intermolecular distance. Several equations 
appeared in the literature as improvements of equations (1) and (2) together with other empirical or semi-empirical 
equations, but the results are often unsatisfactory and the mean and the maximum deviations are usually greater 
respectively than 20% and 30% or even unforeseeable; moreover they require some difficult to be known parameters 
depending on the chemical structure of the different substances. 
The author of the present work and his coworkers, on the basis of a preceding work of Viswanath (1967) proposed 
(Poling et al.,2001) a new empirical equation, very simple and containing the reduced temperature dependence as 
follows: 
 = A (1-Tr)0.38/Tr1/6  (3) 
where A is a factor depending on the particular investigated compound and Tr the reduced temperature. The 
equation (3) is very simple and the factor A can be expressed by some simple formulas containing the molecular 
weight M, the critical temperature Tc, the normal freezing point Tf and the normal boiling point Tb. The check of the 
equation (3) was satisfactory with mean and maximum deviations between calculated and experimental thermal 
conductivity data respectively less than 10% and 20% for several compounds belonging to different organic families 
(saturated hydrocarbons, olefins, cycloparaffins, aromatics, alcohols, organic acids, ketones, esters, ethers, and 
refrigerants) as said above in this paper, but  two problems have to be faced: 
1) the exponent 0.38 is simply a mean value accepted on the basis of a wide investigation on the available 
thermal conductivity data; 
2) mean and maximum deviations usually less respectively than 10% and 20% between calculated and 
experimental thermal conductivity data are often too high for engineering purposes. 
3. THE NEW EQUATION 
The solution for the two cited problems went from an accurate investigation on the new available experimental 
thermal conductivity data chosen among those with an assessed accuracy to within 5% and from a mathematical 
study of a function where the exponents are more grounded from a mathematical point of view. A first work based 
on 23 different compounds belonging to the families of hydrocarbons, alcohols, aromatics and refrigerants (Latini 
and Polonara, 2007) led to a significant improvement of equation (3), but it was not sufficient to enlarge the reduced 
temperature range of application of the estimation method. In this work we take into account the refrigerant fluids 
belonging to the methane and ethane families and propose the following equation. 
 = A [(b – Tr)2/(b Tr)]a  (4) 
where A is a factor with the same units of the thermal conductivity [Watt/(mk)], b is the “golden ratio” equal to     
(1 + 5 )/2  1.618034… and a is an exponent characteristic of the investigated families of refrigerants and equal 
to 0.40. Substantially b appears to be a constant characteristic of the liquid phase along or near the saturation line, a
appears to be the exponent characteristic of the investigated families and A is characteristic of the particular 
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compound and equal to the value of the thermal conductivity when [(b – Tr)2/(bTr)] = 1,  that is when the reduced 
temperature Tr is equal to the value  0.618034…; this value of Tr physically represents a value near the reduced 
normal boiling point for the investigated compounds and mathematically provides that the reduced temperature 
range from0.0 to 1.618034… is separated in two parts, according to the “golden ratio”, by the point Tr = 1, which 
represents the reduced critical temperature. 
The 29 refrigerant fluids taken into account are given in Table 1 with their molecular weight M, freezing point Tf,
boiling point Tb and critical temperature Tc.
Table 1.- Investigated compounds with molecular weight M, freezing point Tf , boiling point Tb and critical  
 temperature Tc . 
COMPOUND   M (kg/kmol) Tf   Tb Tc
     (kg/kmol) (K)  (K)  (K) 
R10     153.822  250.33  349.79  556.30 
R11     137.368  162.69  296.81  471.10 
R12     120.913  115.19  243.45  385.10 
R12B1     165.365  113.65  269.20  426.90 
R13     104.459   92.00  191.71  301.84 
R13B1     148.910  105.15  215.41  340.15 
R20     119.377  209.74  334.33  536.50 
R21     102.923  138.20  281.97  451.52 
R22      86.468  115.73  232.14  369.28 
R23      70.014  117.96  191.11  298.97 
R30      84.932  176.00  312.79  510.00 
R31      68.478  178.00  263.90  430.00 
R32      52.024  137.00  221.43  351.26 
R112     203.830  298.00  366.15  551.20 
R113     187.375  236.95  320.74  487.40 
R114     170.921  180.55  276.58  418.90 
R114B2     259.822  163.00  320.40  487.80 
R115     154.467  173.73  234.08  353.10 
R116     138.012  173.05  195.21  293.04 
R123     152.931  166.00  300.81  456.90 
R123a     152.931  195.00  301.00  461.70 
R124     134.476  155.00  261.19  395.60 
R125     120.022  170.15  225.06  339.17 
R132b     134.941  171.95  319.95  493.15 
R133a     118.486  154.91  279.15  432.02 
R134a     102.032  172.15  247.04  374.26 
R141b     116.950  169.60  305.20  477.35 
R142b     100.495  142.35  264.05  410.30 
R152a      66.051  156.15  249.10  386.41 
_____________________________________________________________________________________________ 
The results of the check of equation (4) are shown in Table 2.  
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Table 2 – General results of the check of equation (4) with the absolute mean m (%) and maximum max (%) 
deviations between the  data calculated according to equation (4) and the corresponding experimental values. In 
the table the factors A of the different compounds appear with the reduced temperature ranges Tr of the check and 
the references to the experimental data used for the check [ b = 1.618034…, a = 0.40  and A is provided by only 
one  experimental datum (preferably by the experimental datum for which Tr  0.618034…)]
_____________________________________________________________________________________________ 
COMPOUND A m max Tr Ref. exp. data
                                      (Watt/mK)  (%)  (%)  
______________________________________________________________________________ 
R10   0.0918  1.2  3.6  0.45-0.84 Vargaftik et al. 
           1993 
R11   0.0882  2.5  8.3  0.36-0.90 Vargaftik et al. 
           1993 
           Shankland 1990 
           Yata et al.1984 
           Assael et al.1992 
R12   0.0856  2.2  8.2  0.31-0.90 Vargaftik et al. 
           1993 
           Assael et al.1992 
R12B1   0.0782  1.0  2.3  0.47-0.87 Vargaftik et al.
           1993 
R13   0.0881  3.9  11.0  0.33.0.90 Vargaftik et al 
           1993 
           Yata et al.1984 
R13B1   0.0751  2.2  5.1  0.33-0.90 Vargaftik et al. 
           1993 
           Yata et al.1984 
R20   0.107  2.4  4.7  0.50-0.63 Vargaftik et al. 
           1993 
R21   0.105  1.6  5.5  0.45-0.90 Vargaftik et al. 
           1993 
R22   0.112  3.2  11.2  0.33-0.90 Vargaftik et al. 
           1993 
           Yata et al.1984 
           Assael et al.1993 
           Shankland 1990 
           Kim et al. 1993 
           Bivens et al.1994 
R23   0.133  3.6  11.3  0.41-0.90 Vargaftik et al. 
           1993 
           Geller et al.1993 
R30   0.129  2.7  7.3  0.37-0.61 Vargaftik et al. 
           1993 
R31   0.149  1.1  2.9  0.40-0.67 Vargaftik et al. 
           1993 
R32   0.188  1.9  3.7  0.42-0.90 Papadaki and 
           Wakeham 1993 
           Vargaftik et al. 
           1993 
           Bivens et al.1994 
R112   0.0746  0.9  1.4  0.54-0.67 Vargaftik et al. 
           1993 
R113   0.0724  1.7  7.5  0.50-0.89 Vargaftik et al. 
           1993 
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_____________________________________________________________________________________________ 
Table 2 cont.   A m max Tr  Ref.exp.data
COMPOUND  (Watt/mK) (%)  (%) 
_____________________________________________________________________________________________ 
R114   0.0702  2.5  6.9  0.46-0.90 Vargaftik et al. 
           1993 
R114B2   0.0607  0.2  0.3  0.58-0.79 Vargaftik et al.
           1993 
R115   0.0721  3.2  5.9  0.48-0.90 Vargaftik et al.
           1993  
           Hahne et al.1989 
R116   0.0811  3.0  7.0  0.61-0.90 Vargaftik et al. 
           1993 
R123   0.0804  1.7  6.0  0.35-0.78 Shankland 1990 
           Gross et al.1990 
           Gross et al.1992 
           Yata et al. 1989 
           Assael et al. 1993 
           Tsvetkov et al.94 
R123a   0.0793  0.2  0.7  0.67-0.74 Shankland 1990 
R124   0.0832  2.5  5.4  0.58-0.90 Shankland 1990 
           Yata et al.1992 
R125   0.0967  1.7  8.4  0.51-0.90 Shankland 1990 
           Papadaki and 
           Wakeham 1993 
           Tsvetkov et al.94 
           Bivens et al.1994 
R132b   0.0931  1.8  3.2  0.55-0.65 Vargaftik et al. 
           1993 
R133a   0.0986  1.3  2.9  0.30-0.72 Vargaftik et al. 
           1993 
R134a   0.108  3.4  9.4  0.45-0.90 Assael et al. 1993 
           Gross et al.1992 
           Papadaki et al.
           1993 
           Gross et al. 1990 
           Laesecke et al. 
           1992 
           Ross et al.1990 
           Shankland 1990 
           Yata et al. 1989 
           Perkins et al.92
           Oliveira et al. 92
           Tsvetkov et al. 
           1994 
           Bivens et al.1994 
R141b   0.0918  4.0  12.9  0.50-0.82 Papadaky et al
           1993 
           Yata et al.1992 
R142b   0.0932  2.7  6.9  0.54-0.90 Kim et al.1993 
           Sousa te al.1992 
           Yata et al.1992 
R152a   0.129  2.4  11.7  0.58-0.90 Kim etal.1993 
           Yata et al.1992 
           Gross et al.1992 
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4. CONCLUSIONS 
The equation (4) appears to be, among the empirical and semi-empirical estimation methods, a simple method useful 
and accurate for the calculation of the thermal conductivity of the refrigerants in the liquid phase along or near the 
saturation line. The mean and the maximum deviations between calculated and experimental thermal conductivity 
data appear completely acceptable for engineering purposes (the best experimental  data are generally accurate to 
within  5%). The check of the equation (4) was developed using experimental data as homogeneous as possible, 
avoiding mixing of data with different accuracy. The equation (4) is suitable in general for the compounds in the 
liquid state and its use can be extended to other families of organic substances, with its strange and fascinating 
geometrical meaning.  The quantity of information necessary for the use of equation (4) is very little compared with 
the quantity of data obtained. 
Other seven refrigerant fluids in the liquid state were taken into account: R133B1, R142, R214, R215, R216, R218 
and C318. For these compounds the experimental thermal conductivity data are not accurate as the data used for the 
substances shown in Table 1 and Table 2, or the critical temperature is not known with sufficient accuracy, but for 
them the following method can be used: 
 by two experimental thermal conductivity data the critical temperature Tr can be estimated by eq.(4); 
 now the factor A can be calculated according to eq.(4), by using a different datum; 
 the check is now possible and the results are acceptable as a rough estimate, even if the mean and the 
 maximum deviations between calculated and experimental thermal conductivity data are generally greater 
    than 7% and 18%, due to the uncertainty of the input data and to the repeated use of equation (4). 
NOMENCLATURE 
thermal conductivity       Watt/(mK) 
A factor characteristic of each compound in eq (4)    Watt/(mK)
a exponent characteristic of each family in eq (4) 
b golden ratio: (1 + 5 )/2  1.618034… 
Cp specific heat at constant pressure in eq (1)     J/(mole.K)
density         kg/m3
Tf normal freezing point       K
Tb normal boiling pint       K 
Tc critical temperature       K
Tr reduced temperature: T/Tr
M  molecular weight        kg/kmole 
w sound velocity in eq (2)       m/sec
l intermolecular distance in eq(1)      m 
m mean deviation between calc. and exp. data    % 
max maximum deviation between calc. and exp. data    % 
Tr reduced temperature range of the check
k Boltzmann constant : 1.38 10-23      J/K
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